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AF Activation function 转录激活功能域	
AR Androgen receptor 雄激素受体	
ATRA All-trans-retinoic acid 全反式视黄酸	
LBD Ligand-binding domain 配体结合结构域	
DBD DNA-binding domain DNA 结合结构域 
DD Death domain 死亡结构域	
ER Estrogen receptor 雌激素受体	
GR Glucocorticoid receptor 糖皮质激素受体	
IκB Inhibitory protein ofNF-κB 核因子抑制蛋白	
IKK IκB kinase 核因子抑制蛋白激酶	
LBD Ligandbinding domain 配体结合区	
NES nuclear export signal 出核信号	
NF-κB nuclear factor-kappa B 核因子 k B	
NLS Nuclear localization sequence 核定位序列	
NR Nuclear receptor 核受体	
PBS Phosphate-buffered saline 磷酸盐缓冲液	
PCR Polymerase Chain Reaction 聚合酶链式反应	
PR Progesterone receptor 孕激素受体	
RAR Retinoic acid receptor 视黄酸受体	
RXR Retinoid X receptor 类视黄醇 X 受体	
LXR Liver X receptors 肝 X 受体	
TNF Tumor necrosis factor 肿瘤坏死因子	
TRAF TNFR-associated factor TNFR 连接因子	
TR Thyroid hormone receptor 甲状腺激素受体	
tRXR Truncted RXR RXR 片段	
AD Alzheimer disease 阿尔海默兹症	
Aβ amyloid β-protein β-淀粉样蛋白	
HDL High density lipoprotein 高密度脂蛋白 
ABCA1 ATP binding cassette transporter 1 ATP 结合盒转运蛋白 A1 





















肤 T 细胞淋巴瘤的 RXRα 激动剂 Bexarotene，可以通过增强 LXR/RXR、
PPAR/RXR 的靶蛋白 ABCA1、ApoE 和其他参与脂质代谢的蛋白表达，从而增








RXRα 的同源及 RXRα 异源二聚体的转录活性。邻位以及对位羟基修饰的衍生物
均丧失激活 RXRα 转录活性的功能。这说明邻位取代较对位取代能更有效的激活
RXRα 的转录活性，而强极性基团取代不利于衍生物激活 RXRα。同时我们发现
激活 RXRα 转录活性较好的衍生物与 RXRα-LBD 的结合能力也更强。我们猜测
在邻位增加位阻可以增强衍生物的这种活性，因此我们设计合成了一系列的硝基
烯邻位取代的衍生物。从这一系列的衍生物中我们发现了邻位乙氧基修饰的衍生
物 Z-36 对 LXR/RXR、PPAR/RXR 异源二聚体具有较好的转录激活作用。 
我们研究并比较了 Z-10 和 Z-36 对 AD 的作用。结果发现 Z-10 和 Z-36 都可
以增强小鼠小胶质瘤细胞 BV2 中的 ABCA1 和 ApoE 的表达，而且 Z-36 的作用
效果强于 Z-10。在 AD 动物模型中 Z-10 和 Z-36 都能显著清除小鼠海马区的 Aβ
沉积，而 Z-36 具有较明显的效果。同样，Z-36 比 Z-10 更强的上调小鼠海马区的
ABCA1 表达。这说明 Z-36 和 Z-10 能够通过激活 LXR/RXR、PPAR/RXR 异源二
聚体的转录活性，上调小鼠小胶质细胞中 ABCA1 和 ApoE 的表达，达到清除 Aβ
















和 PPAR/RXR 的转录活性。 
因此，本研究对 Z-10 的衍生物进行了一定的构效关系研究。我们发现硝基
烯邻位修饰较对位修饰能更好的增强衍生物对 RXRα 同源和异源二聚体的转录
激活，这为进一步的 Z-10 优化打下了基础。本研究还发现 Z-10 对 AD 具有一定
的治疗作用，并展现了其作用机制。同时，本研究还发现了一个优化的治疗 AD




















RXRα is an important member of nuclear receptor superfamily, and belongs to 
non-steroid hormone receptor family. It is a ligand-regulated transcriptionalfactor that 
participates in almost all of the physiological activities in the human body, including 
metabolism, growth, development, differentiation, and immunity. Its dysfunction is 
closely related to many human diseases. Cramer and his colleagues reported that 
RXRα agonist Bexarotene, which was approved by the US Food and Drug 
Administration for the treatment of certain types of skin T-cell lymphoma, can 
enhance the expression of ABCA1, ApoE and other lipid metabolism-related proteins 
by transactivation of LXR/RXR and PPAR/RXR, resulting inamyloid β (Aβ)-protein 
clearance and reduction of Aβ plaques in the brain of APP mice, and improvement of 
mouse cognitive deficits. We have previously reported that Z-10 is a unique ligand of 
RXRα. Different from the traditional RXRα ligands with a carboxyl group, Z-10 has a 
nitrostyrenegroup instead. We hypothesized that Z-10 like Bexarotenemight have the 
beneficial effect to AD. 
We designed and synthesized a series of Z-10 derivatives by adding methyl, 
hydroxyl, and methoxy groups at the para or ortho sites of nitrostyrene group. Our 
reporter gene assays showed that derivatives with methyl and methoxy groups at the 
ortho site had more potent effects on transactivation of Gal4-DBD-RXRα-LBD and 
RXRα homodimers as well as RXRα heterodimers. This suggested that the ortho site 
was better than the para site for modification in terms of RXRα transactivation. The 
derivatives with hydroxyl at both the para and ortho sites failed to tansactivate RXRα, 
indicating the modification with strong polar group may damage Z-10 transactivating 
RXRα. In consistent, the derivatives with more potent ability of RXRα transactivation 
had higher RXRα binding affinity. We then synthesized four more Z-10 ortho 
derivatives. Among them we found that Z-36 with ortho ethoxy modification had 
more potent and stronger transactivation of RXRα.  
We then explored the effect of Z-10 and Z-36 on APP mice model (an AD mice 
model). Both Z-10 and Z-36 enhanced the expression of ABCA1 and ApoE in BV2 
cells, a murine microglial cell line, of which Z-36 had stronger effect. More 
importantly, Z-10 and Z-36 significantly remove Aβ plaques and increased ABCA1 
















These results indicated that Z-10 and Z-36 transactivated LXR/RXR and PPAR/RXR 
to upregulate the expressions of ApoE and ABCA1, leading to the clearance of Aβ. 
The stronger anti-AD effect of Z-36 resulted from its stronger effect on RXRα 
transactivation.  
This research elucidates the structure-activity relationship of Z-10 derivatives to 
a certain degree. We found that ortho is the better site for modification to 
transactivateRXRα, which lay the basis for further optimizing Z-10. The results from 
this research also reveal the beneficial effect of Z-10 on AD and the underlying 
mechanism, as well as an optimized derivative Z-36. Future investigation based on 
this may provide a lead compound for AD treatment.  
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1.类视黄醇 X 受体 























































PPAR）、视黄酸受体（retinoic acid receptor，RAR）、维他命 D3 受体（vitamin D 
















对于 RXR/PPAR， RXR/LXR 等异源二聚体来说，仅 RXRα 的配体即可激活二
聚体的活性，这类异源二聚体被称为“许可型异源二聚体”（permissive 




图 2.类视黄醇 X 受体配体作用机制（引自[8]） 
Fig.2 Mechanism of action of retinoid receptors 
在 RXRα 的 LBD 区，H1-H3 位于其 LBP 的一侧，H4、H5、S1-S2、H8 和
H9 则处于中心区，H6、H7 和 H10 位于另一侧。配体依靠范德华力、离子键和
氢键等作用力与 LBP 牢固结合，其中 H5 区 316 位的精氨酸起到了非常重要的作
用。当配体不存在时，H12 伸出结合口袋外，当 LBD 与激动剂结合后 LBP 构象
发生改变，H12 回摆，暴露在溶剂中的 H12 区中的一些氨基酸与 H3、H4 羧基
端的氨基酸产生一个能够与含有 LXXLL 基序的共激活因子（co-activator，CoA）
相互作用的界面，继而招募其他转录复合物启动下游基因的转录(图 3)[16-18]。通





















图 3.激动剂诱导的 RXR 激活与构象改变（引自[18]） 





比如，雌激素可以激活 ERα 使其与 p85 相互作用，进而激活 AKT 信号通路，促
进 eNOS 的合成，起到保护心血管的作用[21]。在神经细胞中 RARγ 与胞质中的
c-Src 蛋白相互作用是 RA 引起神经元分化的机制之一[22]。在 SH-SY5Y 神经母细
胞瘤中，RARα 则可与胞质内的 p85α 发生相互作用，激活 PI3K/AKT 信号通路
与 ERK、MAPK 信号通路，导致成神经细胞瘤的分化[23]。在乳腺癌 MCF-7 细胞
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